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LncRNA DGCR5 suppresses neuronal apoptosis to improve acute spinal cord
injury through targeting PRDM5
Huafeng Zhanga, Wengang Wanga, Ning Lia, Peng Lia, Ming Liua, Junwei Pana, Dan Wanga, Junwei Lia,
Yuanyuan Xiongb, and Lei Xiaa

aDepartment of Orthopedics, the First Affiliated Hospital of Zhengzhou University, Zhengzhou, China; bDepartment of Hematology, the
Affiliated Cancer Hospital of Zhengzhou University and Henan Cancer Hospital, Zhengzhou, China

ABSTRACT
Spinal cord injury (SCI) usually results in neurological damage. DGCR5 is closely related to
neurological disorders, and this study aims to explore its role in neuronal apoptosis in acute
SCI. The ASCI model was established in rats, and the Basso, Beattie, and Bresnahan (BBB) scoring
was used to assess the neurological function. The expression of RNA and protein was quantified
by quantitative real-time PCR (qRT-PCR) and western blotting, respectively. The oxygenglucose
deprivation (OGD) was performed upon neurons and apoptosis was evaluated by flow cytometry.
The interaction and binding between DGCR5 and PRDM5 was detected with RNA pull-down and
RIP assay, respectively. DGCR5 was down-regulated in ASCI model rat and in neurons treated with
hypoxia. Over-expression of DGCR5 inhibited neuronal apoptosis. Interaction between DGCR5
negatively regulated PRDM5 protein expression by binding and interacting with it. DGCR5
inhibited neuronal apoptosis through PRDM5. Over-expressed DGCR5 ameliorated ASCI in rat.
DGCR5 suppresses neuronal apoptosis through directly binding and negatively regulating PRDM5,
and thereby ameliorating ASCI.
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Introduction

Spinal cord injury (SCI) is a kind of fatal injury that
leads to neurological damage, necrosis, and dysfunc-
tion in patients [1]. Due to the irreversible change of
neuronal construct and function, the high rate of
disability and poor functional recovery are common
in SCI, permanently affecting a patient’s quality of
life [2]. As a severe traumatic injury, SCI occurs
commonly in modern society because of heavy
crash from traffic accidents, sports accidents, and
falling from high buildings [3]. According to the
biological response, SCI is usually divided into
three stages: the acute SCI (ASCI), secondary SCI,
and chronic SCI [4]. Exploration on the pathogen-
esis and regulatory mechanism of ASCI may help to
develop satisfactory therapy and offer novel target
for treatment of ASCI and neurological recovery.

PR (PRDI-BF1 and RIZ) domain proteins (PRDM)
are a subfamily of the zinc finger proteins that mod-
ulate cellular processes such as cell growth, differen-
tiation, and apoptosis as transcriptional factors.
PRDM5 is a poorly characterized member of PRDM

family that functions in various biological processes,
including chromatin modification [5], corneal devel-
opment [6], and lung cancer progression [7]. Knock-
down of PRDM5 with short interfering RNA signifi-
cantly decreased the level of active caspase-3 and
inhibited neuronal apoptosis, revealing the crucial
role of PRDM5 in ASCI and the subsequent central
nervous system pathophysiology [8]. It also has been
reported that inhibition of PRDM5 by miR-182 and
miR-7a suppressed the neurons apoptosis and attenu-
ated ASCI in rats [9], verifying the essential impact of
PRDM5 on ASCI progression and the potential target
for clinical therapy.

The DiGeorge syndrome-associated noncoding
RNA, DGCR5, is an essential lncRNA highly
expressed in brain with two distinct splice isoforms:
AB051434 (5427 nt, six exons) and X91348 (1284nt,
six exons) [10]. DGCR5 has been considered as a
significant neural lncRNA that closely related to neu-
rological disorders, and it has beenproved to be down-
regulated in Huntington’s disease [11]. Up-regulation
of repressor element 1-silencing transcription factor
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(REST) contributed to neuronal death induced by the
neurotoxicant PCB-95 [12]. As aREST target, DGCR5
is inhibited by REST through a proximal upstream
binding site [10], implying its potential neuroprotec-
tive effect. In our preliminary study, we confirmed
that PRDM5was down-regulated by lncRNA through
miRNA to inhibited neuronal apoptosis and alleviate
ASCI. The binding site between DGCR5 and REST
declares that DGCR5 could bind with protein directly,
thus we undertook the present study to investigate
whether DGCR5 interacts with PRDM5 to affect neu-
ronal apoptosis and ASCI development. With the
study completed, we hope to search for more thera-
peutic targets for ASDCI prevention and treatment.

Materials and methods

Establishment of ASCI model in rat

Our study on animals was approved by the Animal
Care Committee of the First Affiliated Hospital of
Zhengzhou University. All protocols of animal
experiments were performed according to the
Guide for the Care and Use of Laboratory Animals
proposed by the Chinese National Institutes of
Health. Sprague-Dawley (SD) rats obtained from
the laboratory animal center of the First Affiliated
Hospital of Zhengzhou University were housed in
control temperature (23–25°C) with ad libitum food
and water. Rats were randomly divided into sham-
operation control group (sham, n = 7) and ASCI
group (n = 7). ASCI model was established in accor-
dance with previously described protocol [9]. Rats
were anesthetized with 10% chloral hydrate (3 ml/
kg) by intraperitoneal injection. Back of the rat was
shaved under the sterile condition to expose the T9-
11 spinous process and vertebral segments. Then
spinal cord crush were performed on the T10 spi-
nous process of rats for 20s. Paralysis of the lower
limbs was observed in a successful ASCI model.
Except for inflicted crush injury, rats in the sham
group were subjected with an accordant treatment.

Basso, Beattie, and Bresnahan (BBB) scoring

Neurological function of rats was evaluated at the
7th day post-surgery by using the Basso, Beattie,
and Bresnahan (BBB) scoring, based on motor
ability following ASCI [13]. BBB scores reflect a

21-point open field locomotor scale, where 0 indi-
cates no locomotion and 21 normal motor func-
tions. During the evaluation period, the hind limb
movements, stability, coordination, stepping,
trunk position, toe clearance, paw placement, and
tail position of rats were analyzed individually by
two blind observers. The mean value of the two
observers’ scores was adopted.

Real-time quantitative RT-PCR (qRT-PCR)

Rats were sacrificed by injection of high-dose
(200mg/kg) pentobarbital (Sigma, USA), and the
spinal cord tissues were harvested. Total RNA was
extracted by using the Trizol reagent (Invitrogen,
USA) from spinal cord tissues or nerve cells
according to the manufacturer’s manual. 2μg of
total RNA was used for cDNA synthesis with a
SuperScript Reverse Transcription Kit (Invitrogen,
USA). Total cDNA was used for quantitative RT-
PCR with SYBR Green Master Mix (Applied
Biosystems, USA) on an ABI PRISM 7300 RT-
PCR System (Applied Biosystems, USA). Design
and synthesis of oligonucleotide primers of speci-
fic genes were done by Sangon Biotech (Shanghai,
China). 2−ΔΔCt method was applied to determine
the relative expression of RNA.

Western blotting

Spinal cord tissues or nerve cells were treated with
RIPA lysis buffer (Beyotime, China) for protein
extraction, with the concentration of protein mea-
sured by using a BCA protein assay kit (Beyotime,
China). After separated with 12% SDS-PAGE, total
protein was transferred onto the polyvinylidene
difluoride (PVDF) membrane (Bio-Rad, USA).
Then the membrane was blocked with Tris-buf-
fered saline Tween-20 (TBST) containing 5% non-
fat milk for 1 hour at RT, and subsequently
incubated with the primary antibodies (Abcam,
UK) of PRDM5, c-caspase-3, and β-actin (served
as control) for 1 hour at RT. The membrane was
incubated with HRP-bounded secondary antibo-
dies for 1 hour at RT and the proteins were visua-
lized with an ECL Plus Western Blotting Substrate
(Thermo Fisher, USA).
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Cell culture and hypoxia treatment

AGE1.HN and PC12 cells were maintained in
DMEM medium (Gibco, USA) with 10% fetal
bovine serum (FBS, Gibco), 100 U/mL penicillin
and 100 mg/mL streptomycin (Heclony, USA),
under 37°C and 5% humidified CO2.

Hypoxia treatment was performed in AGE1.HN
and PC12 cell lines for simulating SCI in vitro, as
previously reported [14,15]. Oxygenglucose depri-
vation (OGD) was performed upon the above cells
for hypoxia treatment in accordance with a pre-
vious study [16]. If brief, the medium DMEM
without glucose (Gibco) was placed in a controlled
airtight hypoxic chamber (Plas Labs, USA) for 2 h
under an environment of 90% N2/5%CO2/5% H2

at 37°C. The oxygen concentration was monitored
with an Anaerobic Indicator (Oxoid Ltd., UK).
After cells washed with PBS, experimental hypoxic
medium was added to the cell culture wells. OGD
was induced by placing the plates in the hypoxic
chamber, and cells were returned to a normal
incubator for reperfusion and OGD media were
replaced with normal DMEM medium after OGD
completed.

Subcellular fractionation location

To validate that lncRNA DGCR5 is located in the
nucleus of the AGE1.HN and PC12 cells, PARIS
Kit (Life Technologies) was used to separate of
nuclear and cytosolic fractions of cells according
to the manufacturer’s instructions [17]. QRT-PCR
was used to detect GAPDH, DGCR5, and U1 RNA
levels in cytoplasm and nuclear fraction. GAPDH
was used as cytoplasm control, and U1 was used as
nuclear control. The relative rate of DGCR5,
GAPDH and U1 in cytoplasm or nuclear part
was presented as the percentage of the total RNA.

Flow cytometry (FCM)

Flow cytometer FACSCalibur (BD Biosciences)
was used to determine neuronal apoptosis by
using an Annexin V-FITC/propidium iodide (PI)
cell apoptosis detection kit (Sigma, USA). AGE1.
HN and PC12 cells (1x106) were treated by trypsin
and washed twice with phosphate-buffered saline
(PBS). Annexin V-FITC and PI were added and

the cells were incubated for 30 min at 37℃. The
stained nerve cells were analyzed by flow cytome-
try and examined by the Flow Jo V10 software
(Tree Star Inc.).

RNA pull-down assay

RNA pull-down assay was conducted to determine
the interaction between DGCR5 and PRDM5 protein.
Briefly, the DNA probe complementary to DGCR5
was synthesized and biotinylated byGenePharmaCo.,
Ltd (Shanghai, China). Performed according to the
manufactures’ protocol, a Magnetic RNA-Protein
Pull-Down Kit (Thermo Fisher) was used to complete
the RNA pull-down assay. The RNA-binding protein
complexes were washed and eluted for western blot or
qRT-PCR analysis.

RNA immunoprecipitation (RIP)

RIP was performed with the RNA-Binding Protein
Immunoprecipitation Kit (Millipore) to verify the
binding between DGCR5 and PRDM5 protein.
The PC12 cells were lysed with lysis buffer and
the cell lysis solutions were incubated with AGO2
antibody or normal mouse IgG. RNA-protein
complexes were immunoprecipitated with protein
A agarose beads and RNA was extracted by using
Trizol (Invitrogen). The IP-western was used to
detect AGO2 and PRDM5 protein level and qRT-
PCR was performed to quantify the DGCR5.

Cell transfection

The pcDNA-DGCR5 and its control plasmid
pcDNA were constructed and identified by Sangon
Biotech (Shanghai, China) for cell transfection. The
AGE1.HN and PC12 nerve cells were seeded in a 6-
well plate and transfected with the above plasmids by
Lipofectamine2000 (Invitrogen) according to the
specification. The expression of DGCR5 after cell
transfection was examined by qRT-PCR.

Over-expression of DGCR5 in ASCI model rat

To validate the role of DGCR5 in ASCI progres-
sion in vivo, ASCI rat model was established. 5μL
pcDNA (n = 7) or pcDNA-DGCR5 (n = 7) was
introduced into the ASCI model rats by intrathecal
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injection [18]. Neurological function of rats was
evaluated at the 7th day post-surgery by using the
BBB scoring. At the 14th day, rats were sacrificed
and the spinal cord tissues were harvested for
genes expression determination.

Statistical analysis

Data were expressed as mean ± standard deviation
(SD), and statistically analyzed by SPSS 21.0 soft-
ware (SPSS Inc.) Comparisons between two groups
were completed by Student’s test. A value of
P < 0.05 was considered statistically significant.

Results

Down-regulation of DGCR5 in ASCI model rat

To evaluate the expression level of DGCR5 and
PRDM5 in ASCI, the ASCI rat model was con-
structed and the neurological function was assessed
with BBB scoring. It showed that the BBB score was
significantly decreased in ASCI rat, compared with
the rat in sham group (Figure 1(a)). With the spinal
tissue taken, the expression of DGCR5, PRDM5, and
c-caspase3 was detected. Compared with the rat in
sham group, the expression of DGCR5 in ASCI rat
was markedly decreased (Figure 1(b)); while the level
of PRDM5 and c-caspase3 was clearly increased
(Figure 1(c)). The results indicated that the expres-
sion of DGCR5 and PRDM5 in ASCI was reduced
and elevated, respectively; and the neuronal apopto-
sis was induced.

DGCR5 was down-regulated in neurons treated
with hypoxia

To imitate the ASCI condition in vtro, neuron cells
AGE1.HN and PC12 were treated with hypoxia. As
shown in Figure 2(a), DGCR5 was down-regulated
in AGE1.HN and PC12 cells treated with hypoxia;
while the expression of PRDM5 and c-caspase3 was
clearly promoted (Figure 2(b)). Simultaneously, the
elevated protein expression of hypoxia-inducible fac-
tor 1α (HIF-1α) verified the success of cellular model
after hypoxia treatment (Figure 2(c)). Relative
DGCR5 levels in cell cytoplasm or nucleus of
AGE1.HN and PC12 cells were detected, which
demonstrated that DGCR5 was located in the
nucleus of the above cell lines (Supplemental
Figure 1). The results suggested hypoxia treatment
suppressed the expression of DGCR5, but promoted
PRDM5 expression and neuronal apoptosis.

Over-expression of DGCR5 inhibited neuronal
apoptosis

To investigate the effect of DGCR5 expression on
neuronal apoptosis, AGE1.HN and PC12 cells were
divided into 4 groups, respectively: control, hypoxia,
pcDNA, and pcDNA-DGCR5. After cell transfection,
the AGE1.HN and PC12 cells were treated with
hypoxia, and the apoptosis was measured. It revealed
that hypoxia treatment led to extensive neuronal
apoptosis, which was reversed by DGCR5 over-
expression with pcDNA-DGCR5 transfection
(Figure 3(a)). At the same time, DGCR5 over-expres-
sion repressed the c-caspase3 level (Figure 3(b)).

Figure 1. Down-regulation of DGCR5 in ASCI model rat. (a) Basso, Beattie, and Bresnahan (BBB) scoring was used to assess the
neurological function of the ASCI model rats. (b) The expression of DGCR5 in spinal tissue was quantified by qRT-PCR. (c) The protein
level of PRDM5 and c-caspase3 in spinal tissue was analyzed with western blot.
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Interaction between DGCR5 and PRDM5

In the RNA pull-down assay, AGO2 content in
the pull-down complex of DGCR5 was analyzed
by western blot. Compared with NC (negative
control), PRDM5 was abundantly detected in
the pull-down complex of DGCR5 (Figure 4
(a)), affirming interaction between them. RIP
assay was used to verify the binding between
DGCR5 and PRDM5, with the AGO2 examined
with IP-western. Compared with IgG, abun-
dantly expressed DGCR5 and PRDM5 were
observed in the AGO2 antibody (Figure 4(b)),
confirming the binding between DGCR5 and
PRDM5. The above findings demonstrated the
binding and interaction between DGCR5 and
PRDM5.

PRDM5 protein expression was negatively
regulated by DGCR5

To explore the regulatory role of DGCR5 on PRDM5,
AGE1.HN and PC12 cells were transfected with
pcDNA or pcDNA-DGCR5. As shown in Figure 5
(a), the level of PRDM5 protein was reduced by
DGCR5 over-expression; but the expression of

PRDM5 mRNA was not affected (Figure 5(b)).
Cycloheximide (CHX) was generally used to restrain
protein synthesis. With CHX (12.5μg/mL) treatment,
DGCR5 facilitated the degeneration of PRDM5 pro-
tein in AGE1.HN and PC12 cells (Figure 5(c)).

DGCR5 inhibited neuronal apoptosis through
PRDM5

To illuminate the regulatory mechanism of
DGCR5 on neuronal apoptosis, the AGE1.HN
and PC12 cells were respectively divided into
three groups: pcDNA, pcDNA-DGCR5, pcDNA-
DGCR5+pcDNA-PRDM5. After cell transfection,
the AGE1.HN and PC12 cells were treated with
hypoxia, and the apoptosis was evaluated. It
showed that pcDNA-DGCR5 transfection sup-
pressed apoptosis caused by hypoxia, which was
reversed by pcDNA-PRDM5 transfection (Figure 6
(a)). Similarly, the expression of c-caspase3 was
inhibited with pcDNA-DGCR5 transfection, but
inverted by pcDNA-PRDM5 transfection
(Figure 6(b)). The above results revealed that
DGCR5 inhibited neuronal apoptosis through
PRDM5.

Figure 2. DGCR5 was down-regulated in neurons treated with hypoxia. (a) The expression of DGCR5 in AGE1.HN and PC12 neurons
was measured by qRT-PCR. (b) The protein level of PRDM5 and c-caspase3 in AGE1.HN and PC12 neurons was detected with western
blot.

Figure 3. Over-expression of DGCR5 inhibited neuronal apoptosis. (a) Apoptosis of AGE1.HN and PC12 cells was evaluated with flow
cytometry. (b) The protein level of c-caspase3 in AGE1.HN and PC12 neurons was determined by western blot.
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Over-expressed DGCR5 ameliorated ASCI in rat

To validate the role of DGCR5 in ASCI progres-
sion in vivo, ASCI rat model was established. The
pcDNA (n = 7) or pcDNA-DGCR5 (n = 7) was

introduced into the ASCI model rats by intrathecal
injection, and the neurological function of these
rats was assessed by BBB scoring. Compared with
the rats injected with pcDNA (n = 7), the BBB

Figure 4. Interaction between DGCR5 and PRDM5. (a) The interaction between DGCR5 and PRDM5 was evaluated with RNA pull-
down assay. (b) The binding condition between DGCR5 and PRDM5 was detected by RIP assay.

Figure 5. PRDM5 protein expression was negatively regulated by DGCR5. (a) The protein level of PRDM5 in AGE1.HN and PC12 neurons
was analyzed with western blot. (b) The expression of PRDM5 mRNA in AGE1.HN and PC12 cells was quantified by qRT-PCR. (c) After
treated with CHX (12.5μg/mL) for several hours, the protein level of PRDM5 in AGE1.HN and PC12 cells was examined by western blot.
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score of rats injected with pcDNA-DGCR5 (n = 7)
was distinctly elevated (Figure 7(a)); and it implied
that the remarkable effect of over-expressed
DGCR5 on mitigating ASCI through repressing
PRDM5 and neuronal apoptosis (Figure 7(b)).

Discussion

ASCI is a devastating neurologic injury that leads to
the loss of sensory, motor, autonomic function, and
finally paraplegia, bring about huge economic bur-
den in the worldwide. SCI results from primary and
secondary injury mechanisms [19]. Primary injury
refers to the immediate physical injury to the neural
tissue by mechanical forces, with pathological
changes including severed axons, direct mechanical
damage to cells, and ruptured blood vessels [20].
Researches on cellular function, regulatory mechan-
ism, and therapeutic target have attracted much
attention. Recently, advances in cell transplantation
and genetic engineering technologies are increas-
ingly making it possible for effective treatment of
ASCI, and numerous reports have claimed that reg-
ulation of gene expression plays a vital role in ASCI

pathological changes [21]. Exploration on the under-
lying mechanism may contribute to impelling the
clinical application of these technologies for ASCI
and central nervous system injury.

Noncoding RNAs such as circulating
microRNAs have been found out to be markedly
increased in the serum relative to the severity of
ASCI, which may be promising biomarkers for
diagnose and predicting the severity of ASCI
[22]. By using a microarray method in a contusion
SCI mouse model, a dynamic lncRNA-mRNA net-
work containing 264 lncRNAs and 949 mRNAs
has been constructed to illuminate the interactions
between the lncRNAs and mRNAs [23], verifying
the differential expression of lncRNAs in contu-
sion SCI. In this study, lncRNA DGCR5 was found
to be down-regulated in ASCI. We revealed an
inhibitory effect on neuronal apoptosis of
DGCR5 through negatively regulating PRDM5,
and thereby alleviating ASCI. Via targeting protein
directly, the neuroprotective role of DGCR5 was
emphasized, in keeping with its relationship with
neurological disease and its down-regulation in
neurodegenerative disease [11].

Figure 6. DGCR5 inhibited neuronal apoptosis through PRDM5. (a) Apoptosis of AGE1.HN and PC12 cells was evaluated with flow
cytometry. (b) The protein level of c-caspase3 in AGE1.HN and PC12 neurons was determined by western blot.

Figure 7. Over-expressed DGCR5 ameliorated ASCI in rat. (a) Basso, Beattie, and Bresnahan (BBB) scoring was used to assess the
neurological function of the ASCI model rats after pcDNA or pcDNA-DGCR5 injected. (b) The expression of DGCR5 and PRDM5
protein in spinal tissue was quantified by qRT-PCR and western blot, respectively.
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The noncoding transcripts lncRNAs have been
proved to be associated with many biological
processes, including autophagy [24], cell pluripo-
tency [25], cell proliferation and apoptosis [26],
and immune response[27]. Abnormal lncRNAs
expression widely involves in disease occurrence
and progression, such as cancer, aging, cardiovas-
cular diseases, and neurological disorders [28],
usually function as a competing endogenous
RNA [29]. But the regulatory role of lncRNAs
in ASCI has not been excavated yet. As a novel
transcript identified in DiGeorge syndrome,
DGCR5 is also implicated in some other diseases
except for in nervous system. For instance,
DGCR5 has been reported to be correlated with
cancers progression or prognosis by regulating
proliferation, migration, and invasion via target-
ing different miRNAs, including lung adenocarci-
noma, lung cancer, and hepatocellular carcinoma
[30–32]. In the present study, DGCR5 was initi-
ally discovered to be a crucial anti-apoptotic tran-
script in ASCI through binding with PRDM5
protein directly, unlike its previous mechanism
of action with miRNAs. This study revealed the
regulatory effect of lncRNA in ASCI for the first
time, offering a novel perspective on ASCI patho-
logical study and therapy development.

As a significant transcriptional factor, PRDM5
has been proved to mediate cell proliferation, inva-
sion, differentiation, and apoptosis in cancers and
brittle cornea syndrome [33,34]. The increased
level of PRDM protein after ASCI and its pro-
apoptotic effect on neurons has been elucidated
in the previous study [8]. In the current study,
PRDM5 was identified as the target of lncRNA
DGCR5 for the first time, devoting itself to mod-
ulating neuronal apoptosis in ASCI. With the tar-
geting effect of miRNAs and lncRNAs on PRDM5
far from clarified, we provided a new insight into
the regulatory effect on PRDM5 by other non-
coding RNAs in various disorders.

In conclusion, lncRNA DGCR5 exhibits an
inhibitory effect on neuronal apoptosis through
directly binding with PRDM5 protein and nega-
tively regulating it, and thereby ameliorating ASCI.
This study clarifies the targeting relationship
between DGCR5 and PRDM5 protein, and
emphasizes the influence of DGCR5 on ASCI
pathological development via impacting neuronal

apoptosis, providing novel targets and theoretic
foundation for ASCI prevention and treatment.
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